The paper is focused on the estimation of the remaining service life of a centrifugally-cast stainless steel heat exchanger tube component which was exposed to high temperatures during a fire incident.
INTRODUCTION
Furnace heat exchanger coil tubes operating in a major petrochemical plant in Izmir, Turkey were greatly damaged after a fire accident. While most of the tube components in the plant were replaced after the fire, on specimens. The microstructures of the steels exposed to the fire were compared to their as-cast counterparts.
EXPERIMENTAL
As-cast and exposed steels of centrifugally cast
Manaurite XM were obtained from the petrochemical plant. The nominal compositions /ll/ of the steel are shown in Table 1 . The compositions of the steel were verified by optical emission spectroscopy.
Metallographic and tensile test specimens were prepared from the exposed steels. Specimens from as-cast steels were also metallographically prepared for comparison. The outer diameter and wall thickness of the tube was 80 mm and 7 mm, respectively. Three metallographic specimens were obtained from the steels by cutting cross-sectional specimens perpendicular to the pipe axis using a water-cooled abrasive cutter. The specimens were prepared for microscopy using 3. RESULTS
As-cast MANXM Tubes
Specimens from the as-cast tubes of MANXM were initially studied for comparison purposes. The secondary electron images for the as-cast MANXM tube, prepared from a cross-section perpendicular to the (a) 
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Exposed MANXM Tubes
The secondary electron images for the exposed MANXM specimen, prepared from a cross-section perpendicular to the pipe axis, are shown in Figure 4 .
The images show that the microstructure is austenitic, with relatively large, mostly interconnected precipitates lying along the grain boundaries. Secondary precipitation within the grains can also be observed.
There was no distinct difference in microstructure between regions near the outer surface and regions nearer to the inner surface. . A higher magnification micrograph of the specimen is shown in Figure 5 , with three distinct precipitates marked as "A", "B" and "C". In Figure 6 (a) is shown an EDX spectrum of the dark precipitate "A" which indicates that the precipitate is rich in titanium content.
Relatively high levels of oxygen are also evident. An EDX analysis of the white precipitate marked "B", 
TENSILE TESTS
The large number of interconnected precipitates observed at the grain boundaries indicated that the mechanical properties of the exposed heat exchanger tubes would be poor, due to intergranular fracture. The results of the tensile test are shown in Some specimens did not fail between the gage marks and/or failed at regions with greater cross-sectional area, which necessitated the retesting of the specimens. All
final elongation values that could be measured were well below two percent.
DISCUSSION
The microstructures of both the as-cast and exposed heat exchanger tubes were evaluated by scanning electron microscopy. 
CONCLUSION
The microstructures of a stainless steel used in the heat exchangers of a petrochemical plant have been studied. Both as-cast and exposed steels have been evaluated and compared in terms of microstructure. The tensile properties of the exposed steel have been determined.
The microstructures of the stainless steel consisted mainly of an austenite matrix with carbide precipitates
